Anoectochilus formosanus HAYATA, commonly known as "Jewel Orchids," which has been used as Chinese folk medicines, is being subjected to a huge crisis, whose wild resources have gradually become more and more scarce. Hence, micropropagation protocol by axillary branching established for A. formosanus was employed for large-scale commercial production. In this study, due to the somaclonal variation and on the basis of some virtue of intersimple sequence repeats (ISSR) analysis, we firstly utilized the ISSR primers to investigate the genetic stability of A. formosanus propagated in vitro for a period of more than 5 years. Among the total 100 bands amplified by 17 ISSR markers, 77 bands were distributed in size from 500 bp to 1.5 kbp, while only 5 bands were beyond 1.8 kbp in size. Meanwhile, according to the cluster analysis, genetic similarity was more than 94% and the polymorphism rate was only 2.76% among the total 1810 scorable bands. All results demonstrate A. formosanus, multiplied by axillary branching, maintained high genetic fidelity even after a period of more than 5 years under in vitro propagation with only a low risk of genetic instability. The results from this study provide an important basis for giving evidence of genetic stability of A. formosanus before micropropagation for large-scale commercial production.
The genus Anoectochilus (Orchidaceae) grows in deep shade on moist forest floors with a rich layer of humus, often in the vicinity of streams 1) and comprises approximately 40 species distributed in the tropical areas of Asia to Oceania including 20 species and 2 variants produced in southwest to south in China.
2) Several species have been used as Chinese folk medicines. 2, 3) Among them, Anoectochilus formosanus HAYATA, commonly known as "Jewel Orchids" 4) due to its beautiful foliage, 5) is widespread in Taiwan, Japan and Fujian Province of China, 6) and now mainly used to treat hypertension, diabetes, heart disease, lung and liver diseases, nephritis [7] [8] [9] [10] [11] and other diseases. [12] [13] [14] [15] At the present time, due to the intrinsic reason of the low germination rate of seeds in nature, indiscriminate collection and increasing demand of people, A. formosanus is being subjected to a huge crisis, whose wild resources have gradually become more and more scarce. All these reasons have led to the high cost of the herb whose price of the fresh and dry is around US$320 to $3200 per kilogram respectively. 1) To solve this problem, biotechnological intervention is needed through which we can obtain the raw material as alternatives and conserve the rare and endangered species. Therefore, we applied the technique of micropropagation on A. formosanus for large-scale commercial production.
Yet, due to the risk of inducing genetic variability (namely somaclonal variation), scaling up of any micropropagation protocol is severely hindered. 16, 17) Moreover, somaclonal variation, revealed in the form of DNA methylations, chromosome rearrangements and point mutations, mostly happens due to the stress imposed on the micropropagated plantlets 18) and has been proven in several species by morphological, cytological, physiological, biochemical and molecular traits. 19, 20) During the last few years, molecular techniques including various DNA markers such as restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeats (SSR) and inter-simple sequence repeats (ISSR), have been developed and profitably utilized for analyzing genetic fidelity of in vitro propagated plantlets as powerful and valuable tools. 19, [21] [22] [23] [24] [25] ISSR analysis, which uses the SSR primers annealing to and amplifying DNA sequence between the two adjacent, inversely oriented repeats, 26) was found to be the most economical among RFLP and RAPD. 27) In addition, ISSR technique is much more easily implemented than AFLP, and due to higher annealing temperatures and higher levels of polymorphism and/or reproducibility compared to RAPD markers, ISSR markers have been considered as an attractive alternative to RAPD markers. 21, [27] [28] [29] [30] Moreover, ISSR analysis offers other advantages in wide applications for all organisms without requiring prior sequence information. 31) Therefore, for this study, we utilized ISSR markers to assess genetic fidelity of A. formosanus plantlets propagated in vitro for a period of more than 5 years. To our knowledge, this is the first report on the analysis of DNA sequence variation in micropropagated plantlets of A. formosanus.
MATERIALS AND METHODS

Plant Materials Plants of A. formosanus collected from
Fujian province in China were used as mother explants. The nodal segments having dormant axillary primordial, obtained from mother explants sprayed with 1% zinc sulphate and 50 mg/l carbendazim, 23) were washed with running tap water for 10 min, disinfected with 70% ethanol for 10 s and washed with sterile Millipore water before being treated with 0.1% HgCl 2 for 7 min, then rinsed thoroughly with sterile distilled water. Explants of nodal segments were initially cultured on MS 32) medium supplemented with 1 mg/l a-naphthalene acetic acid (NAA), 2 mg/l 6-benzyladenine (6BA), 10 g/l agar and 30 g/l sucrose. Then, the aseptic seedlings of A. formosanus cultured in vitro for 3-4 months, could be used as mother plantlets for further experiments.
Briefly, the nodal segments obtained from one selected aseptic seedling, were then cultured on micropropagation medium (MM) which is composed of MS basic medium, supplemented with 0.5 mg/l NAA, 1 mg/l 6BA, 1 g/l activated charcoal (AC), 30 g/l sucrose and solidified with 10 g/l agar. The pH of the medium was adjusted to 5.8 before sterilization (121°C for 20 min). Subsequently, the micropropagated plantlets were sub-cultured by axillary branching and transferred to fresh MM every 3 months, incubated at 25Ϯ2°C under a 12-h photoperiod and a photosynthetic photon flux density (PPFD) of 50 mmol m Ϫ2 s Ϫ1 provided by 40 W cool white fluorescent tubes.
Twenty plantlets, randomly chosen from a batch of micropropagated plantlets that originally derived from a single aseptic seedling and had been sub-cultured in vitro every 3 months for a period of more than 5 years, were used for analysis of genetic stability by ISSR markers. Two plantlets used as a control, were selected from other plantlets propagated in vitro that originated from the same mother seedling but had been sub-cultured for a period of only 2 years.
Preparation of Genomic DNA Complete genomic DNA samples were extracted from fresh leaves of micropropagated plantlets using Plant Genomic DNA Kit (TIAN-GEN, China) and stored at Ϫ20°C till further use. The DNA was quantified using agarose gel electrophoresis and employing serial dilutions of uncut l-DNA as marker.
ISSR Analysis To select suitable primers for the study of A. formosanus, 50 ISSR primers (Sangon, China) were screened using two different DNA samples. Out of these 50 primers, only 17 primers ( Amplification was performed in a Thermal Cycler (Eppendorf Germany). The reaction mixtures were denatured at 94°C for 7 min and subjected to 45 cycles of 30 s at 94°C, 45 s at 52°C, 2 min at 72°C, and a final extension step of 10 min at 72°C and eventually stored at 4°C.
Amplified products were separated on a 1.5% (m/v) agarose gel (Biowest, France, distributed by Gene Tech (SHANGHAI) Co., Ltd., China) in 1ϫTBE buffer at 5 V/cm. The gels were visualized under UV radiation after staining with ethidium bromide (EB) and analyzed using a Dolphin Series Gel Image Documentation System (WEALTEC, U.S.A.). A D2000 marker (TIANGEN, China) was used as molecular weight standards.
Data Analysis Amplified DNA fragments of low visual intensity that could not be readily distinguished as the presence or absence were considered ambiguous markers, and only distinct, consistently reproducible and well-resolved bands could score as the presence (1) or absence (0) for ISSR markers in each micropropagated plantlet.
The binary matrix comprising 1 and 0 derived from the total amplification fragments produced by the selected ISSR primers was firstly generated, and the similarity matrix was then calculated by the Jaccard's similarity coefficient 33) using the SIMQUAL (similarity for qualitative data) module. After obtaining the similarity matrix, clustering was performed by the SHAN (sequential, hierarchical, agglomerative, and nested) routine and finally, a dendrogram was constructed using UPGMA (unweighted pair group method with arithmetic average) through the method of tree plot of graphics. All above data were analyzed using the software of NTSYSpc Version 2.10 s. 34, 35) 
RESULTS
The 17 ISSR primers utilized in this analysis, which were screened from 50 primers, generated a total of 100 amplified DNA fragments. The number of bands of each primer with an average of 5.88 bands, varied from 4 to 8. As is shown in Fig. 1 , there were 18 band classes ranging from 300 bp to 2.5 kbp in total 100 bands. The band classes between 500 bp to 1.5 kbp comprised 77 bands and achieved a highly 77% rate in total bands, while other band classes (Ͼ1.8 kbp) had only 5 bands with a very low rate of 5%. In addition, the band classes from 300 to 500 bp and 1.5 to 1.8 kbp had equal 9 bands and 9% rate respectively. The primers of UBC810, 873 and 807 produced 7, 6 and 6 monomorphic bands, respectively, across the 20 micropropagated plantlets during the PCR amplification ( Figs. 2A-C) . Meanwhile, the primer UBC827 produced 5 monomorphic bands and 2 polymorphic bands (28.57% polymorphism) (Fig. 2D) . Among the total 100 DNA fragments amplified using template DNA of the 20 micropropagated plantlets, 88 bands were monomorphic, while the residual 12 bands, generated by 9 primers comprising IS44, UBC815, 823, 824, 827, 834, 836, 840 and 853, were polymorphic (12% polymorphism) (Table 1) . Furthermore, among the 20 plantlets (lanes 1 to 20) and in contrast with the control of 2 plantlets (lanes 21, 22) , there were no differences of scored bands shown in Figs. 
2A-C.
Cluster analysis was carried out on the basis of Jaccard's similarity coefficients calculated from the binary matrix obtained from the presence or absence of the 100 scored bands.
According to this cluster analysis, similarity indices of 20 micropropagated plantlets that could be grouped together in a single cluster with the similarity of 94%, were varied from 0.94 to 1.00 and only when assessed at the more stringent similarity near 97% could 4 distinct clusters be distinguished (Fig. 3) . On the basis of the criterion that only distinct, consistently reproducible and well-resolved band could be scored, 1810 bands were detected across the 20 micropropagated plantlets in this study, comprising 1760 monomorphic bands (number of plantlets analyzedϫnumber of monomorphic band classes) and 50 polymorphic bands in all. This result indicates that the polymorphic bands accounted for only 2.76% of all scored bands. The UPGMA cluster analysis (NTSYS) is based on the binary matrix comprising 1 (presence) and 0 (absence) derived from the total 100 bands produced by the 17 ISSR primers.
DISCUSSION
The seeds of A. formosanus are non-endosperm and are difficult in germination only before the fungal infection under natural conditions. 36) Furthermore, A. formosanus grows slowly with seedlings that mature and reproduce through seeds after 2-3 years of growth and flowers only once a year in the winter between October and December. 1) All these have made the species increasingly rare.
Commonly used to regenerate elites, conserve valuable plant genetic resources and as an alternative method of secondary metabolite production, plant tissue culture plays an important role in biotechnology. 20) Throughout many studies on A. formosanus in recent years, some reports in literature were focused on the tissue culture of raw materials, 1, [37] [38] [39] while others were aimed at the chemical composition and/or the pharmacological action, whose materials mainly came from the plantlets propagated by tissue culture and cultivars. [40] [41] [42] [43] [44] There were two main methods utilized in tissue culture of Anoectochilus, one was the propagation by nodal explants, the other was the tissue culture through the seeds. 1, 37, 41, 44) However, due to the scarcity of natural reserves especially the missing of florescence in field collection, obtaining seed capsules are becoming more difficulty. 1, 41) In contrast, the axillary branching system, which is recognized as the most suitable to guarantee genetic stability of the plants obtained, is the most used among the methods developed for plant micropropagation. 19, 24, 45) Hence, micropropagation protocol by axillary branching established for A. formosanus was employed for large-scale commercial production.
Yet, it is notable that somaclonal variation, which may be attributed to naturally occurring variation or to the accumulation of mutations during the period of micropropagation, 34) has been already observed and proven in several species. In addition, somaclonal variation is more typically recognized as an undesirable side-effect of micropropagation 16) even though it may offer a useful source of novel variability. Meanwhile, somaclonal variants may exhibit off-type phenotypes. 46, 47) Among the various DNA markers often used for the detection of somaclonal variation, ISSR markers have been successfully utilized for the analysis of genetic fidelity within lines of some plants, such as cauliflower, almond, banana, Swertia chirayita and Platanus acerifolia. 19, 20, 34, 48, 49) So in this study, due to the somaclonal variation and on the basis of some virtue of ISSR analysis compared to other molecular techniques comprising RFLP, RAPD, AFLP, we utilized the ISSR primers to investigate the genetic stability of A. formosanus propagated in vitro for a period of more than 5 years.
Among the total 100 bands ranging from 300 bp to 2.5 kbp amplified by 17 ISSR markers, 77 bands were distributed in size from 500 bp to 1.5 kbp, while only 5 bands were beyond 1.8 kbp in size. Similar observations have been also reported. Joshi and Dhawan reported that a maximum number of 103 bands were produced within the ladder size of 500 bp to 1.6 kbp and only 5 bands were scored above 1.8 kbp size. 20) In addition, Huang et al. reported that all of the scored amplified products ranged in size from 250 bp to 2.0 kbp while the majority aligned between 500 bp to 1.5 kbp and only 6 bands were above 1.8 kbp. 34) Meanwhile, according to the cluster analysis, genetic similarity was more than 94% and the polymorphism rate was only 2.76% among the total 1810 scorable bands. Other similar results were found in studies on Phoenix dactylifera and platanus acerifolia, whose genetic variation was 2.6% and 2.88% respectively. 34, 50) All results above demonstrate that A. formosanus, multiplied by axillary branching, maintained high genetic fidelity even after a period of more than 5 years under in vitro propagation with only a low risk of genetic instability. And this study also indicates that the axillary branching system is the most reliable mode among the methods developed for plant micropropagation.
This is the first report of ISSR markers utilized to assess genetic variation of A. formosanus. The results from this study provide an important basis for giving evidence of genetic stability of A. formosanus before micropropagation for large-scale commercial production.
